This study analyzes the effects of college quality and individual academic background on selected job performance measures for officers working in professional and managerial jobs in the U.S. Navy. The study analyzes performance indicators at selected career points for cohorts in two occupational groups. Among staff personnel, who perform mostly administrative and support functions, the authors find that graduates of private schools, regardless of college quality, received better performance appraisals than did other officers. Among line personnel, who perform jobs on ships and submarines and in aviation, graduates of top-rated schools, both public and private, received better appraisals during the early career period. Within both occupational groups, graduates of top-rated private schools were more likely than other officers to be promoted at the up-or-out point. The results are consistent with prior studies that find an earnings premium attached to attendance at elite private colleges. ing of internal labor markets in explaining observed relationships between pay, performance, and promotion within firms, no prior studies have linked employees' college backgrounds with performance within a firm's personnel system. This study exploits a unique micro-level database for a large hierarchical organization to explore the effect of college quality and student academic achievement on selected job performance measures. In particular, we use data on Navy officers who graduated from nearly 1,000 different colleges. The data set contains relatively detailed information on early career performance, including promotion outcomes and The personnel data used for the research are restricted. They can be requested from the Navy Bureau of Personnel and the Navy Personnel Research, Studies, and Technology Center.
annual appraisals by supervisors, and on numerous pre-employment characteristics such as the selectivity of the college attended, college grades, and major. An advantage of this data set for exploring worker productivity is the Navy's well-defined personnel system and hierarchical structure. The research design controls for important differences in career ladders, job assignment policies, and incentives, differences that cannot be controlled for in studies that rely on national surveys.
Analyzing direct job performance measures rather than earnings allows several issues to be explored. For one thing, studies that link college quality and earnings have produced conflicting conclusions. Further, some studies have questioned whether various forms of human capital, including formal education, enhance worker productivity on the job or simply serve as signals of ability differences to employers. Finally, from a policy standpoint the Navy seeks to optimize recruiting efforts by deciding where to locate ROTC units and which students should receive scholarships. The Navy provides full scholarships to ROTC students, and average tuition at private colleges is about five times that at public institutions. Thus, the cost of meeting a given accession requirement of new officers will be higher the greater the proportion of students attending private colleges.
Prior Studies
Most studies of the payoff to college quality have analyzed earnings of cohorts from the National Longitudinal Surveys (NLS). Loury and Garman (1995) analyzed data on men from the NLS High School Class of 1972 (NLS72) and found that both college selectivity and GPA were positively related to weekly earnings, but that college major generally did not have a statistically significant effect. James et al. (1989) also found positive effects of college quality and grades on annual earnings in the NLS72. Brewer and Ehrenberg (1996) and Brewer et al. (1999) analyzed cohort data from the NLS72 and High School and Beyond, with controls for potential selection bias due to individual choices regarding college quality and post-college labor supply. The authors found that attending a top-or middlerated private college improved annual earnings and that the return to selective institutions has risen over time. They found only limited evidence that estimates of the returns to college quality are biased by failing to account for self-selection.1
In contrast, Dale and Kreuger (1999) found that correcting for selection has a major impact on estimates of college quality. They adjusted for non-random selection of applicants to elite colleges by restricting their analysis to groups of students who were accepted and rejected by a set of colleges that were comparable in terms of average SAT scores. Once this selection was controlled in the "matched applicant" model, the positive return to college quality disappeared. However, when the authors used net tuition cost as an alternative quality indicator, they found a sizable internal rate of return (16-18%) to attending high-tuition schools. Furthermore, they found a sizable payoff to higher-quality schools for students from lower-income families.
David Wise (1975a; 1975b ) is the only author to have analyzed the effects of college characteristics and academic achievement on worker productivity within a single firm. He found academic major was related to starting salary, while college quality and GPA were mainly of value in explaining promotion. It is noteworthy that Wise observed promotion outcomes only for workers who stayed with the firm. If the perfor- mance measure-promotion-differs systematically between leavers and stayers, selfselection may bias estimated parameters.2 In particular, if turnover is correlated with college background, the performance effects of college characteristics will be biased. A second limitation of Wise's studies is that they did not capture the explicit structure of the firm's internal labor market or any informal contracts that may characterize the employment relationship.
As is clear from this brief review, the findings of prior studies are inconsistent. One reason for the variation across studies using earnings data may be uneven correction for selection to college type. In addition, results may vary due to unmeasured firm and individual heterogeneity. Key aspects of firms' hiring, pay, promotion, and other personnel policies typically are not observed in these studies. For example, Wise failed to account for the fact that individual cohort members' decisions to remain with a firm up to a given career point result in non-random selection, and also failed to identify workers who were qualified for promotion, which created measurement error in the promotion variable. In the present study, the use of data pertaining to a single employer minimizes the effects of unmeasured firm heterogeneity. We also account for the possibility of selection by explicitly modeling the stayleave decision using quasi-cohort data. Finally, the problem of measurement error in the promotion variable is addressed by analyzing promotion outcomes only for individuals who are qualified ("in-zone") for a promotion review.
Navy Personnel System and Data Base
The database used in this study captures nearly the entire population of college 2Focusing on samples of very junior workers (see Brewer and Ehrenberg 1996) does not mitigate this problem, as even junior employees must survive an initial probationary period. Loh (1994) discussed the role of the probationary period in sorting employees by their quit propensity.
graduates who began their careers as officers in professional, technical, and managerial jobs in the U.S. Navy over a ten-year period.3 The data file includes cohorts entering between 1976 and 1985 and tracks them through their first 10 years or until they left the Navy. The database approximates a longitudinal file in that it builds prior employment histories from retrospective data for all officers reviewed for promotion to grade 3 (at four years of service), as well as those who separated after achieving grade 3. Data are available on 27,604 officers reviewed for promotion to grade 3. The samples used to analyze job performance outcomes during the early career period (grades 1-2) shrink depending on availability of the necessary analysis variables. Both the grade 3 performance model and the promotion model are estimated only for those who stayed in the Navy for 10 years.4
In the Navy's internal labor market, all officers possess a college diploma and start at the entry grade (grade 1). New hires are assigned to staff or operational (line) communities. Staff officers have a relatively short formal training period and fill mostly administrative and support jobs. Operational specialists receive more extensive formal training and fill jobs in aviation, on submarines, and on ships. An advantage of these data is that all individuals in the same subspecialty receive the same amount of formal training. Because the military finances the college expenses of most entrants, all new hires are obligated for a fixed period (between 4 and 5 years, de- 
Job Performance Model Specification
Following Bartel (1996) , we assume that relative performance is a function of the stock of accumulated human capital. In the case of professional and managerial employees, cognitive skills are assumed to depend on college background, including grade point average (GPA), and major field of study. The quality of the college attended may affect human capital acquisition due to superior resource inputs provided by more selective schools, or due to peer group effects.5 David Wise stressed 5Monks and Ehrenberg (1999) explored school attributes that may account for differences in the quantity and quality of human capital of students from more selective schools, including differences in faculty resources (faculty pay, percent faculty with Ph.D., percent faculty full-time), financial resources (student-faculty ratio, expenditures per student), alumni contributions, and endowment per student. Winston (1996) true productivity. However, it should be noted that human capital effects will be biased downward if, as is likely, the variation in performance ratings is smaller than the variation in true job productivity.
A potential criticism of the above performance indicators is that they are based on subjective evaluations rather than objective output measures. However, in service organizations subjective measures have distinct advantages in analyzing work performance. Furthermore, in organizations that rely heavily on team production, no single objective measure can capture all the dimensions of an individual's work performance. In these settings intangible skills such as interpersonal communication, cooperation, dependability, and team leadership can be assessed only via supervisor appraisals. Baker, Gibbons, and Murphy (1994) found that private firms often use subjective assessments of performance even when objective output measures are readily available.
For officers who remain in the Navy for 10 years, a third performance measure is analyzed-the outcome at the grade 4 promotion review. In addition, a retention model is estimated to provide information on self-selection prior to the grade 4 promotion review. The retention variable captures the likelihood that a new entrant leaves prior to the grade 4 review; 61.7% of staff specialists stay to the up-or-out point, versus only 51.3% of operational specialists. Promotion rates are 73% and 75% for staff and line officers, respectively. We estimate performance models separately for the line and staff occupations due to differences in career paths, evaluation criteria, and promotion opportunities. Career progression differs in terms of the sequence of jobs and types ofjobs held, affecting evaluation criteria. Also, the hierarchical structure differs across the two groups.
College Institutional Characteristics
The college variables used in the study are college selectivity, GPA, and academic major. College selectivity is constructed from Barron's Profiles of American Colleges, which rates college on a six-point scale based on high school grades and class rank, average SAT scores of entering freshmen, and the percentage of applicants admitted. We first collapse the six Barron's categories into a threefold classification of "top," "middle," and "bottom" quality. "Top-rated" institutions, in our classification scheme, are colleges in Barron's two highest categories ("most competitive" and "highly competitive"); "middle-rated" institutions are those in Barron's two middle categories ("very competitive" and "competitive"); and "bottom-rated" institutions are those in Barron's bottom categories ("less competitive" and "non-competitive"). We then create six college quality/college type categories by interacting the three quality dummies with an indicator variable for public or private control (see Brewer et al. 1999 ). This permits an analysis of whether performance differences are attributable to college entrance standards or to college type.
Other explanatory variables proxy for different types and amounts of firm-specific human capital. Graduates of the Naval Academy (USNA) matriculate with 30 credits of "professional development," live in a military environment for four years, and receive on-the-job training every summer. Consequently, affective skills of USNA graduates may differ from those of officers who enter the military via other commissioning programs.7
Demographic attributes, such as gender and race, are likely to be correlated with the accumulation of specific human capital, in part due to differences in occupational assignment policies. For many years, women were prohibited from serving in operational specialties, which offered the best opportunities for acquiring firm-specific training. Also not represented proportionally across occupations are minori7The Naval Academy is ranked in Barron's top selectivity category. However, because of the militaryspecific nature of the education at the Naval Academy, we enter it as a separate dummy variable and exclude it from the college quality indicator. With controls for college major and grades, line specialists from the top-rated colleges-both private and public-receive better appraisals during the early career period (grades 1-2) than do line specialists from bottom-rated public institutions, the omitted group. However, the productivity premium for graduating from top private schools is much larger than that for graduating from top public schools; attending an elite private school increases evaluation scores by about 30%, while attending a toprated public school increases scores by only 10% (at the mean). The effect of graduating from a top-or middle-rated private school is positive in the grade 3 perfor8The low representation of women in line jobs reflects historical prohibitions on women serving on ships and in aircraft. Women are still prohibited from serving on submarines. mance scores, for those who remain 10 years. However, the effect of attending top public schools is statistically insignificant in the grade 3 model. Among stayers, the probability of being promoted is about 5 percentage points higher for graduates of top-rated private colleges than for graduates of bottom-rated public schools. Although graduates of bottom-rated private schools are less likely to be promoted than are graduates of bottom-rated public colleges, other differences in college type are statistically insignificant.
African-American line officers receive below-average performance evaluations, but have an average likelihood of being promoted. While women in the line group receive better reports than men in grades 1-2, there is no gender difference in grade 3 appraisals or in rates of promotion to grade 4.
The results for staff specialists in Table 3 reveal that GPA is positively related to job performance and promotion and that technical majors receive significantly lower scores than other majors through the first 10 years (grades 1-3). F-tests for exclusion of majors in columns 1 and 2 reject the null, but the exclusion is accepted in column 3. None of the coefficients on technical majors are statistically significant in the promotion model. Among staff officers, the effect of attending a private school appears to outweigh institutional quality. In grades 1-2, graduates of top-and bottom-rated private schools perform better than public school graduates, whereas in grade 3 all private school graduates outperform bottom-rated public school graduates. The general performance patterns for AfricanAmericans that were observed for line officers are repeated for the staff group. However, no performance advantage is found for women (versus men) in the staff group; in fact, in grade 3 their performance marks are lower than men's. Even so, women are more likely than men to be promoted to grade 4. This may reflect selection among women in this heavily male-dominated organization.
To tions between college selectivity or marital status and race or gender.
Selection-Corrected Job Performance Models
If those who leave the Navy prior to the promotion review are non-randomly selected, key parameter estimates may be biased. A disproportionate number of those who choose to leave before the promotion point may be poor performers whose chances for promotion are below average. Alternatively, leavers may possess above- Notes: All models include dummies for commissioning program, race, gender, marital status and dependents, and college major. Standard errors are in parentheses; marginal effects are in brackets.
*Statistically significant at the .10 level; **at the .05 level; ***at the .01 level.
average skills and superior civilianjob prospects. Although non-random selection could bias estimates in both the grade 3 performance and promotion models, the direction of the correlation between the unobserved components of the retention and promotion outcomes is not clear.
To account for self-selection in the grade 3 performance model, we use a Heckmanstyle two-step model. For the promotion model an alternative estimator, a bivariate probit, is used, since both outcomes (retention and promotion) are binary. The estimation technique also accounts for the sample truncation that occurs owing to the second outcome (promotion) being observed only for stayers (see Greene 2000) . The results of the selection corrections for the basic college quality variables are displayed in The coefficients of the top-and middleranked private colleges are reduced slightly in the adjusted grade 3 performance models in Table 4 . However, the most notable change is that the coefficient on middlerated public schools becomes statistically significant in the adjusted estimates. The positive coefficient of lambda in Table 4 suggests that unobserved factors that predict that an individual will stay are correlated with higher performance ratings during the six years in grade 3. These traits, for example, may include a strong work ethic, loyalty to one's employer, willingness to carry out orders unquestioningly, or a deep concern for those in one's charge. What we observe in Table 4 regarding initial job performance is that this self-selection process is not highly related to the earlier choice of college type or quality. That is, we find only minor changes in the estimated coefficients on college type/quality in Table   4 as compared with the relevant coefficients forjob performance in grade 3 from Tables 2 and 3. The one exception is for those graduating from middle-rated public colleges, for whom the estimated college quality impact is downwardly biased in the earlier single equation model specifications. Apparently, the unobserved factors (such as those listed above) that are positively related to retention and job performance in grade 3 are more likely to be observed in graduates of non-selective public schools than in graduates of mildly selective colleges. Once these unobserved factors are included in the Heckman-style two-step model of Table 4 , we find higher returns to college quality; in general, the estimated effects for middle-rated public schools are twice as large as when we fail to model the self-selection process (.019 versus .051 for staff occupations, and .013 versus .024 for line occupations).
Self-selection on promotion to grade 4 clearly biases downward the single-equation estimates of college type and quality, and in many cases this bias is statistically significant. For example, when selectivity is accounted for, the estimated marginal effect on being promoted to grade 4 increases from +4.9% to +9.0% for graduates of top private colleges, and from +2.1% to +5.0% for top public college graduates. As discussed above, these results could be explained if, for example, graduates of the non-selective public colleges are more likely to possess the unobserved factors correlated with staying, and with winning promotion to grade 4 if they do stay. Failing to take these unobserved factors into consideration when specifying promotion models for experienced workers will bias downward the estimated impact of college type and quality.
The positive error covariance (rho) for line specialists indicates that the simple promotion probit yields biased coefficients. It also suggests that, holding all variables constant, those who quit before the promotion review had a lower predicted promotion probability. In the staff group, the error covariance term is statistically insignificant. Moreover, for staff personnel there are few differences between the unadjusted and corrected promotion estimates. The main exceptions are that the coefficient on top-rated private colleges increases in size and the coefficient on middle-rated public schools is estimated more precisely.
Note that the potential for bias in estimated coefficients need not be confined to the college qualityvariables; the coefficients of student achievement and major also could be affected by self-selection of leavers, since college achievement may affect one's civilian employability. In the full model results (available on request), we find few differences in these other coefficients in the two-stage promotion model as compared to the simple probit. Differences between the uncorrected and the two-step grade 3 performance models, however, are more pronounced. The coefficient of GPA in Table 4 increases in size in both occupational groups. Moreover, for staff personnel, coefficients of the college major dummies often change sign in the two-stage models. These results suggest that the impact of self-selection may also be found in personal attributes of college students on top of the impact of college quality/type that is the focus of this study.?1
Conclusion
By analyzing job performance data for professional and managerial employees in a hierarchical organization, this study extends our understanding of how academic achievement, college major, and college quality are related to worker productivity. We find that, controlling for GPA and major, graduates of elite private colleges demonstrate greater measured on-the-job productivity than do their colleagues." Our "1As a test of robustness of the selection model, we re-specified the first-stage retention model by including the college type interactions. The coefficients of the focus variables in the outcomes equations were largely unaffected by this change, suggesting that the chosen specification is robust. The results also confirm that graduates of top private schools are more likely to leave than are others. results are in line with those of Brewer et al. (1999) , who found a large earnings premium to attending elite private institutions and a smaller premium to attending middlerated private schools. The findings also support prior research that has found a positive relationship between academic achievement and earnings: those with better grades receive higher job performance ratings throughout their careers and are more likely to be promoted. Finally, the study finds little support for the hypothesis that a technical degree is necessary for success in this organization, despite the organization's stress on hiring those with technical majors (see Bowman 1990 ).
One problem encountered in studies of college quality is bias that arises from unobserved characteristics of students who selfselect themselves into certain colleges. The solution in this instance would be to control for pre-college differences in individual backgrounds, such as SAT scores and family attributes. Unfortunately, the administrative files used here do not include such information.
However, we controlled for college experience variables, such as GPA and major, which themselves may proxy for unobserved individual characteristics (see James et al. 1989 ). Thus, we expect background effects will tend to be muted in this study. Still, although we probably reduced selection bias in the estimated college effects, we are unlikely to have eliminated it.12
Whether the results in this paper can be generalized to other organizations is an "lWhen a simple threefold classification of college quality-high, medium, low-is used, the results reveal strong positive effects of the most selective schools on ratings. However, Tables 2 and 3 show that the college effect is driven largely by the productivity advantage accruing to private schools. 12Note, too, that the selection problem is more complex for Navy personnel, as it also involves the decision to accept an ROTC scholarship as well as the choice of college. In addition, officers are assigned to, or select themselves into, occupational groups. Again, the background variables necessary to model these choices are not available in the administrative files. "Models also include dummies for fiscal year. Dependent variable = 1 for stayers, 0 for non-stayers. *Statistically significant at the .10 level; **at the .05 level; ***at the .01 level.
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